The interfaces through which nutrients are transferred from plant cells to arbuscular mycorrhiza fungi 17 and biotrophic hyphal pathogens are structurally similar. We report that in Arabidopsis thaliana, 18 mutations in homologs of common symbiosis genes (CSGs) encoding homologs of the symbiosis 19 receptor kinase SYMRK, the nucleoporins NUP133 and SEC13 or the cation channel POLLUX 20 reduce the reproductive success of Hyaloperonospora arabidopsidis (Hpa). Analysis of the 21 multiplication of extracellular bacterial pathogens, Hpa-induced cell death or callose accumulation, 22 as well as Hpa-or flg22-induced defence marker gene expression, did not reveal any traces of 23 constitutive or exacerbated defence responses. We discovered an age-dependent, possibly 24 senescence-related transition of haustorial shape that occurred significantly earlier and at higher 25 frequency in the CSG mutants. These findings point to a function of the homologs of common 26 symbiosis genes in haustorial maintenance thus revealing an overlapping gene set for the intracellular 27 accommodation of hyphal symbionts and pathogens. 28
INTRODUCTION 29
Most land plant species feed carbon sources to arbuscular mycorrhiza (AM) fungi, which in turn 30 deliver phosphate and other nutrients via finely branched intracellular structures called arbuscules 31 (Gutjahr and Parniske, 2013, Gutjahr, 2014) accommodation structures for intracellular microbes raised the hypothesis that the corresponding 41 symbiotic and pathogenic associations rely on a shared genetic program (Parniske, 2000) . This would 42 imply that filamentous hyphal pathogens exploit an Achilles heel, the presence of the symbiotic 43 program in most land plant species, for their own parasitic lifestyle (Parniske, 2000 , Evangelisti et 44 al., 2014 . 45
In the present study, we tested this hypothesis by focussing on an ancient genetic program comprising 46 the common symbiosis genes (CSGs), which is conserved among angiosperms for the intracellular 47 Despite of the critical cellular function of the nuclear pore complex for import and export, legume 246 mutants defective in certain members of the nucleoporin subcomplex 107-160 are specifically 247 defective in symbiosis with rhizobia and AM fungi, but otherwise largely free of macroscopically 248 detectable phenotypes. We could confirm that also in A. thaliana, the overall size, shape and 249 development of NUP107-160 complex mutants are macroscopically wild-type-like ( Figure 3 -Figure  250 Supplement 1). Several nucleoporins of the NUP107-160 subcomplex show a high rate of evolution 251 (Bapteste et al., 2005) , share similar structures and are therefore potentially able to replace each other, 252 potentially allowing for distinct functional adaptations while keeping the overall complex structure 253 intact (Binder and Parniske, 2013b) . Agreeing with this, phenotypes of individual NUP107-160 254 subcomplex mutants vary both in occurrence and severity depending on the organism (Gonzalez-255 Aguilera and Askjaer, 2012, Binder and Parniske, 2013a). To capture potential structural or functional 256 evolutionary shifts, we included more NUP107-160 subcomplex members than those previously 257 described as functionally relevant for legume root symbioses. Interestingly, we found that the sec13 258 and nup133 single mutants and the sec13 x nup133 double mutant are impaired in the interaction with 259
Hpa, while the nup43, nup85, nup160 and seh1 single mutants are not. This pattern is not 100% 260 congruent with the observation in the legume L. japonicus, in which seh1, nup85 and nup133 261 impaired symbiosis (Kanamori et al., 2006 , Saito et al., 2007 , Groth et al., 2010 , however, it clearlysheds light on a specific role of this subcomplex for the root symbioses of legumes and the Hpa 263 interaction of A. thaliana. The differences in the specific subcomplex members that reveal a 264 phenotype may be explained by clade-specific adaptations of the NUP107-160 subcomplex. 265
Furthermore, the NUP107-160 subcomplex has been implicated in plant defence; mutations in 266 NUP96, NUP160 and SEH1 impair basal and resistance-gene mediated immunity (Zhang and Li 
Genetic overlaps between symbiotic and pathogen biotrophic interactions 271
It is a long-standing hypothesis that plant pathogens exploit genetic pathways for the intracellular 272 accommodation of mutualistic symbionts such as AM fungi or nitrogen-fixing bacteria (Parniske et 273 al., 2000) . Supporting this hypothesis, it has been reported that several genetic components important 274 for mutualistic plant-microbe interactions are as well supporting the interaction of plant roots and 275 filamentous pathogens , Rey et al., 2013 , Rey et al., 2014 . 276
The glycerol-phosphate acyl-transferase gene RAM2 for example, is important for the successful 277 colonisation of Medicago truncatula by the oomycetal pathogen Phytophthora palmivora, but it also 278 plays a role in the development of AM fungal hyphopodia and arbuscules during AM symbiosis 279 . This observation implies that a compatibility factor can be exploited by microbial 280 pathogens and, likewise, by beneficial symbionts. In contrast to our findings, in the ram2 mutant, the 281 interaction with P. palmivora was already impaired at the stage of appressoria formation (Wang et 282 al., 2012) . 283
In the present study, we were able to demonstrate genetic commonalities of symbiosis and disease in 284 the formation and maintenance of intracellular accommodation structures at a later developmental 285 stage of the plant-microbe association. Although strongly suggested by the function of the CSGs, it 286 remains unclear whether their A. thaliana homologs are similarly involved in a signal transduction 287 pathway directly supporting oomycetal development. It will be therefore interesting to identify the 288 mechanistic commonalities between symbiotic and pathogenic interactions that are controlled by the 289
CSGs. 290

Loss of AM but retention of CSGs 291
The loss of AM symbiosis in A. thaliana and in four other independent plant lineages was correlated 292 with the absence of more than 100 genes with potential roles in AM (Delaux et oomycete. It will be interesting to find out whether ecological conditions exist, under which 304 oomycetal colonization might provide a selective advantage to the host plant (Salvaudon et al., 2008) . 305
METHODS 306
Seed sterilization and plant growth 307
All A. thaliana mutants described in the manuscript were of Col-0 ecotype, except for ios1, which 308 was either of Col-0 or Ler ecotype. Seeds were obtained from "The Nottingham Arabidopsis Stock 309
Centre" -NASC (Scholl et al., 2000) or the GABI-DUPLO double mutant collection (Bolle et al., 310 2013 Cotyledons or leaves were harvested and stained in 0.01 % trypan-blue-lactophenol (10 mL lactic 334 acid, 10 mL glycerol, 10 g phenol, 10 mg trypan blue dissolved in 10 mL distilled water) for 3 min 335 at 95°C and 5 h at room temperature, followed by overnight clearing in saturated chloral hydrate (2.5 336 g/mL). For observation using differential interference contrast microscopy, samples were mounted in 337 For the Technovit section, leaves of A. thaliana wild-type (Col-0) or CSG mutants were infected with 363 Hpa as described above and harvested at 7 dpi. Leaves were fixed by 3.7% formaldehyde and 364 followed by a serial dehydration process by incubating samples in 30%, 50%, 70% and 100% ethanol. 
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SUPPLEMENTAL INFORMATION 652
Supplemental File 1A: Constructs and cloning strategy. 653 Constructs labelled with "GG" were generated via Golden Gate cloning. For details on assembly 654 method, general modules and plasmids (Gxx, BBxx), see (Binder et 
